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Abstract 


Alarming situation has been caused due to the emergence of COVID-19 infection around the world. There is an urgency of developing a 
therapeutic strategy in order to control the spread of COVID-19. Towards that initiative, potential drugs like hydroxychloroquine, 
ivermectin and azithromycin have been tested by diverse group of researchers worldwide for their potential against novel coronavirus. 
The present report presents together the comprehensive knowledge derived from the major researches about the above drugs 
altogether in context of the current health emergency around the world. Hydroxychloroquine and ivermectin were known to act by 
creating the acidic environment and inhibiting the importin (IMPa/pi) mediated viral import. Azithromycin was found to act similar to 
the hydroxychloroquine as an acidotropic lipophilic weak base. All the three categories of drugs seemed to potentially act against novel 
coronavirus infection. However, their efficacies need to be studied in detail individually and in combination in-vivo in order to combat 
COVID-19 infection. 

© 2020 Published by Elsevier Ltd. 

Keywords: Azithromycin, coronavirus, COVID-19, hydroxychloroquine, ivermectin 

Original Submission: 12 April 2020; Revised Submission: 15 April 2020; Accepted: 16 April 2020 

Article published online: 22 April 2020 


Introduction 


Corresponding author. Renuka Choudhary, Department of 


Biot 


Mullana Ambala Haryana, India. 

E-mails: rc 07@live.in (R. Choudhary), anibiotech 18@gmail. 


com (A.K. Sharma) 






(152,446 confirmed cases, 15,238 deaths and 52,165 recovery 
of the patients), Italy (139,422 confirmed cases, 17,669 deaths 
and 26,491 recovery of the patients), Germany (113,296 
confirmed cases, 2349 deaths and 46,300 recovery of the pa¬ 
tients), France (83,080 confirmed cases, 10,887 deaths and 
21,461 recovery of the patients) and China (82,883 confirmed 
cases, 3339 deaths and 77,678 recovery of the patients) (Fig. I), 
latter being the first epicentre of this disease. This data suggests 
that infection due to COVID-19 is spreading exponentially in 
new hotspots as compared to the first epicentre Wuhan, where 


COVID-19 infection has become pandemic after its first 
outbreak in Wuhan, China in 2019. This infection is caused by 
novel SARS-CoV-2 virus, which is distinct from its related type 
(SARS-CoV). The World Health Organization (WHO) has 
termed this disease as COVID-19 (Coronavirus disease-2019). 
Upto 09 th April 2020, 1,496,055 cases have been confirmed 
globally with 89,435 deaths while 336,780 people got recovered 
across the world. The most number of infected cases were 
from United States (432,438 confirmed cases, 14,808 deaths 
and 24,125 recovery of the patients) followed by Spain 


new cases are in constant decline [I], At this point of time, 


there is an urgent need of therapeutic strategy in order to 
control the spread of COVID-19 as a disease. Numerous re¬ 
searchers across the world are working on finding the cure and 
chemoprophylaxis of this disease with many of them are even 
putting their efforts to develop the vaccine. Recently some of 
the reports on Hydroxychloroquine [2-4], Ivermectin [5] and 
Azithromycin [6], have shown therapeutic effects against novel 
coronavirus infection. However, it was not reported that which 
drug has better efficacy in comparison to other or a 
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FIG !. Data obtained from coronavirus resource centre of John Hopkins University of Medicine (I). 


combination of them can give life saving results. Therefore, the 
present report has been able to provide the comprehensive 
view of combining the knowledge of these drugs altogether in 
the context of current health emergency around the world. 

Hydroxychloroquine 


The first category of drug was Chloroquine and its safer de¬ 
rivative hydroxychloroquine which may act as a therapeutic 
agent against COVID-19 infection. Earlier both have been used 
widely for the treatment of rheumatoid arthritis and systemic 
lupus erythematosus. Chloroquine was initially used for the 
treatment of malaria, but Plasmodium falciparum substantially 
developed resistance against it. With the subsequent develop¬ 
ment of new antimalarials, this drug is now being used for the 
prophylaxis of malaria. In 1946, by the introduction of hydroxyl 


group into chloroquine, a derivative was produced known as 
Hydroxychloroquine and was found to have less acute 
poisoning than the former one [7]. Both the drugs otherwise, 
share a similar mechanism of action and structure. These drugs 
tend to increase the pH within intracellular vacuoles and act as 
weak base. In addition, they are known to alter processes such 
as protein degradation by acidic hydrolases in the lysosome, 
assembly of macromolecules in the endosomes, and post 
translation modification of proteins in the Golgi apparatus [8]. 
Over the past few decades this drug has received wider 
attention, as a potential antiviral drug. Chang and his colleagues 
in 2014 revealed that hydroxychloroquine activates the host 
anti-viral innate immunity [9]. This drug accumulates in the 
cellular organelles creating acidic environment to inhibit the 
replication of different viruses by interfering with endosome/ 
lysosome trafficking or viral protein maturation during virions 
maturation (Fig. 2). During the recent pandemic of severe acute 
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Clinical trials required: 

Efficacy needs to be studied in 
comparison to other or a 
combination of them to fight 
against COVID-19 infection. 


FIG. 2. Illustration showing each drug mode of action against COVID-19 infection. 


respiratory syndrome coronavirus 2 (SARS-CoV-2), hydroxy¬ 
chloroquine was found to act as a potential drug in fighting 
against COVID-19. Some of the in vitro and poorly controlled 
or uncontrolled clinical trials revealed that this drug has activity 
against severe acute respiratory syndrome-coronavirus 2 
(SARS-CoV-2) [2-4], In China, clinical trials of hydroxy¬ 
chloroquine are further in-progress for the treatment and 
management of COVID-19 disease (NCT0426I5I7 and 
NCT04307693). 

Ivermectin 


Another study revealed that ivermectin which is a broad 
spectrum anti-parasitic drug demonstrated its efficacy against 
COVID-19 which comes as a second line of drug [5]. Iver¬ 
mectin is FDA approved drug, known to have wide-spectrum 
antiviral activity against number of viruses under in vitro con¬ 
ditions [ 10-1 3], SARS-CoV-2 (causative agent of COVID-19) is 
a single stranded RNA virus (positive sense) which is closely 
related to SARS coronavirus (SARS-CoV). Recent study on 
ivermectin against SARS-CoV-2 under in vitro conditions 
revealed that it can inhibit the viral replication. The single 
treatment of this drug was able to reduce the virus up to 5000- 
fold in culture within 48h. However, no further reduction was 
reported with further increase in time period i.e up to 72h. 
Moreover, no toxicity was seen with the drug at any point of 
time [5]. Mechanism by which ivermectin responded against the 
CoV-19 virus is not known and was believed to be working 
similarly as it acted on other viruses. It was known to inhibit the 


nuclear import of viral and host proteins. Integrase protein of 
viruses and the importin (IMP) a/(3l heterodimer was respon¬ 
sible for IN nuclear import which further increases the infec¬ 
tion (Fig. 2). As most of the RNA viruses are dependent upon 
IMPa/p I during infection, Ivermectin acts on it and inhibits the 
import with the increase in antiviral response [5, 14]. 

Azithromycin 


Third category of therapeutic drug is Azithromycin, which is a 
class of antibiotics known as macrolide, used to treat infections 
like bronchitis, pneumonia and MAC (Mycobacterium avium 
complex) infection. With the spread of the SARS-CoV-2 viral 
pneumonia, which started in Wuhan, China, many countries of 
the world started developing countermeasures in order to 
decrease the spread of the disease. Researchers found that 
apart from hydroxychloroquine, another FDA approved drug 
known as Azithromycin was shown to have therapeutic effects 
against COVID-19 in a study done by a research group at New 
Mexico University. The researchers were able to prove that 
azithromycin acted as an acidotropic lipophilic weak base which 
modulate the pH of endosomes and trans-Golgi network 
(Fig. 2). This further led to in vitro effects on intracellular or¬ 
ganelles similar to the one as conferred by hydroxychloroquine 
[6]. This further indicates that this antimicrobial drug has an 
immense therapeutic value as far as the treatment of COVID- 
19 patients is concerned. Clinical trials need to be carried out 
with this drug as it can act as a prophylaxis for declining the 
infection rate. 
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Challenges 


These drugs have been shown to have a potential broad- 
spectrum antiviral response in vitro against many viruses 
including coronaviruses. However, hydroxychloroquine has 
been found to be associated with dangerous side-effects in the 
past if the dosage is not carefully controlled. There have been 
many cases of chloroquine poisoning reported in Nigeria and 
the USA as well. Due to sudden rapid increase in demand of the 
above broad-spectrum drugs, may lead to significant shortage 
for patients who rely on these drugs to treat their other dis¬ 
orders like malaria, rheumatoid arthritis among others. 
Therefore, adequate buffer stocks should be maintained for 
these drugs to overcome potential scarcity of the above- 
mentioned drugs. 

Future perspectives 


All three categories of drugs seem to act against novel coro- 
navirus infection. However, further research using large cohort 
of samples with randomized controlled clinical trials are ur¬ 
gently required for each drug alone and in-combination in order 
to find a concrete solution against COVID-19 infection. 
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